Abstract This study assessed the proportion of patients treated with anti-osteoporotic drugs during the 1-year period after hospitalization for a fracture, and the influence of a guideline in the period 1998-2000 on the likelihood of receiving treatment for osteoporosis after a fracture. Patients were assessed retrospectively for antiosteoporotic drug use during a 1-year period following hospitalization for non-traumatic fracture. The PHAR-MO system, a population-based database (n=865,000) containing drug and hospitalization data of communitydwelling inhabitants of defined areas in the Netherlands, was used. The study population comprised 1654 patients age 50 years and over who were admitted to hospital for a fracture resulting from a fall during the period 1998-2000. The treatment rate of newly treated patients and the change in treatment rate throughout the period 1998-2000 were the outcome measures. The majority of these patients were women (73%), and had femur fractures (51%). In total, 247 out of 1654 patients (15%) were prescribed anti-osteoporotic drugs within 1 year after discharge from the hospital. Of these 247 patients, 86 were newly treated, mainly with bisphosphonates in the year after discharge following the fracture, yielding a new treatment rate of 5%. The likelihood of receiving treatment for osteoporosis following fracture did not change with the calendar year of fracture (OR 0.95; 95% CI: 0.68-1.30). The result of this study shows that despite the introduction of an osteoporosis treatment guideline in 1999 recommending treatment for fracture patients, most of the time, fracture patients are not being treated for osteoporosis. Thus, to a large extent, osteoporosis remains under-treated.
Introduction
Osteoporosis is a silent disease that often remains asymptomatic and undetected until fracture occurs. The prevalence of osteoporosis among patients of 50 years and older varies from 10 to 20%, depending on race and assessment methods [1, 2, 3] . In a recent population survey in Belgium, a demographic population comparable to the Netherlands, the prevalence of osteoporosis was estimated at 15% among 2649 postmenopausal women aged 45-91 years [1] . Fractures of the wrist, hip and vertebrae are well-recognized consequences of bone fragility, which occurs as bone mass decreases, i.e. the disease of osteoporosis [4] . However, although patients fulfill the diagnostic criteria of osteoporosis, not all patients will suffer from the clinical consequences. On the other hand, patients who have already had a fracture have an increased risk of subsequent fractures [5, 6, 7, 8] . Therefore, focusing attention on patients with a fracture may be an important step towards a significant reduction in the burden of osteoporosis in society [9] .
It is, however, unknown how many patients are treated for secondary prevention of osteoporotic fractures. Some studies in different countries have observed that a significant proportion of patients did not receive any treatment for osteoporosis even after a fracture [10] . However, the majority of these studies have been limited to a small sample of patients or to center-specific populations [11, 12, 13, 14, 15] . In the Netherlands, three guidelines advise on post-fracture diagnostic assessment and treatment of osteoporosis [16, 17, 18] . Although these guidelines differ with respect to the need for screening and the number of risk factors, they all agree that fractures are major targets for case finding. The guideline for general practitioners appears to be the more conservative guideline available in the Netherlands, and was implemented during the study period. According to this guideline, treatment is indicated for patients with an osteoporotic fracture or those using corticosteroids (equivalent to prednisone >7.5 mg/day) [18] .
In this study, we assessed the proportion of patients treated with anti-osteoporotic drugs after hospitalization for a fracture of wrist, spine, hip and other bones resulting from accidental falls. Furthermore, it was investigated whether this proportion increased or decreased with years following hospitalization due to fracture. This is particularly relevant because the GP treatment guideline was introduced in 1999.
Materials and methods

Data setting
This study used data from the PHARMO system, a populationbased database (n=865,000), in which data concerning drug use and hospitalizations are collated prospectively from all communitydwelling residents of 25 geographic and demographic areas since 1989, scattered throughout the Netherlands. Patients histories include per resident detailed information of all dispensed drugs by date of dispensing, type, prescriber, dose, duration of use and costs as well as information of all discharge diagnoses (ICD-9-CM), surgical procedures and other administrative information. Data from the PHARMO system permit accurate and detailed estimates of drug use characteristics and hospital morbidity in the Netherlands [17] .
Selection of patients
All patients, 50 years of age or older and hospitalized for a fracture of the hip, spine, wrist or other fractures (ICD-9-CM codes: 805, 810-813, 820-824) resulting from a fall during the period 1998-2000 were selected from the PHARMO database. We assumed based on clinical observations that most of these fractures had been caused by falls from a standing height or less. Fracture sites like proximal femur, proximal humerus, distal forearm, thoracic and lumbar spine (ICD-9-CM codes: 805.2, 805.4, 812.0, 813.4 and 820) were considered to be osteoporotic with certainty; the ribs, sternum and pelvis were possible osteoporotic fracture sites; the remaining fractures were not considered to be of osteoporotic origin. Patients who died or who were sent to rehabilitation or nursing homes were excluded from this study, as the drug information for these patients was incomplete in the PHARMO system. All patients included in this study had to have a history of registration in the PHARMO area for a 5-year period prior to the index date, a follow-up period of at least 1 year and virtual complete hospital and drug exposure histories. For each patient, the index date was set on the discharge date of the first fracture-related admission in the study period.
Use of anti-osteoporotic drugs
Dispensing of one or several anti-osteoporotic drugs throughout the year was assessed during the year following hospital discharge.
Anti-osteoporotic drugs included in this study were sodium fluoride (Procal), vitamin D and calcium formulations labeled for treatment of osteoporosis, bisphosphonates, SERMs and estrogens. Patients who had been dispensed an anti-osteoporotic drugs in the 5-year period prior to the date of fracture hospitalization were classified as previously diagnosed and treated for osteoporosis.
Validation
For all patients for whom GP data were accessible and who were admitted for fractures (approximately 10-15%), the general practitionersÕ case records were examined for diagnostic tests (i.e. dualenergy X-ray absorptiometry; DXA), diagnosis of osteoporosis and subsequent treatment before and after index hospitalization due to fracture.
Statistical analyses
The proportion patients treated with anti-osteoporotic drugs was estimated by calculating the percentage of patients who received at least one prescription of any anti-osteoporotic medication during the year following discharge from the hospital. Sub-analyses were performed by excluding patients already treated with anti-osteoporotic drugs prior to admission for the fracture, to estimate the percentage of patients newly treated with anti-osteoporotic drugs. The impact of the introduction of the NHG guidelines [18] (March 1999) on likelihood of receiving anti-osteoporotic drugs was estimated using a logistic regression, with likelihood of receipt of anti-osteoporotic medication as outcome variable and year of admission, age and gender as covariates. Furthermore, we assessed how and how long patients used anti-osteoporotic drugs after hospital discharge. All analyses were performed using SAS version 8.2 (SAS, Cary, N.C., USA).
Results
A total of 5323 fracture related hospitalizations were identified from the PHARMO hospital database. After excluding 2490 patients under 50 years of age, follow-up admissions (n=266), 344 hospitalizations due to traffic injuries and 122 hospitalizations due to external force related accidents, 2108 hospitalizations met the inclusion criteria of this study (Table 1) . Excluding deceased (n=122) and institutionalized (n=332) patients, 1654 patients were left for analysis (Table 2 ). Patients were predominantly women (73.1%), and 75 years of age and older (55.9%). Proximal femur fracture (52.7%) was the most frequent reason for hospitalization, while 62.5% of the fractures were considered to be osteoporotic fractures with certainty ( Table 1 ). The median length of stay in the hospital was 14 days.
In the 5-year period prior to admission, 291 (17.6%) patients had been dispensed anti-osteoporosis drugs, although only 158 (7.5%) of these patients used any anti-osteoporosis drugs during the 3-month period prior to the admission date, indicating that at least 50% of the patients had discontinued treatment with anti-osteoporosis drugs before hospitalization for the fracture. In total, 247 out of 1654 patients (14.9%) were dispensed anti-osteoporosis drugs within 1 year after discharge from hospital. Patients used several drugs in combination or switched during the year: 113 (6.8%) patients used biphosphonates, 62 (3.7%) patients received estrogens, 96 (5.8%) received calcium and 48 (2.9%) received vitamin D containing preparations. One patient used raloxifene and no patient used sodium fluoride. Of these 247 patients, 163 (66.0%) patients had received anti-osteoporosis prescriptions prior to their index fracture, whereas the remaining 84 patients were Women were 3 times more likely to receive treatment with anti-osteoporotic drugs in the year following index fracture as compared to men (OR 3.1; 95% CI: 1.9-5.0), after controlling for other factors (Table 3 ). Increased treatment rates were also observed for patients 65-84 years of age relative to patients 50-64 years of age and among patients admitted for vertebral fractures as compared to patients admitted for femur fractures (OR 1.9, 95%CI: 1.1-3.4).
No differences in treatment rates were observed with age when the population was restricted to patients never treated with anti-osteoporotic drugs prior to fracture. In this specific group, the treatment rate of vertebral fracture increased to an odds ratio of 3.1 (95% CI: 1.5-6.4) as compared to patients with femur fractures, and 5.4 (95% CI: 2.4-11.9) as compared to patients admitted for fractures considered as unlikely to be osteoporotic. However, less than 50% of these patients used these anti-osteoporosis drugs consistently and consequently in the year of follow-up.
For a sample of 208 out of 1654 cases, GP case records were available. Of these patients, 34 (16.3%) had ever been treated with anti-osteoporotic drugs in the year after discharge from the hospital. Only 11 out of the 208 patients in the GP records had a diagnosis of osteoporosis. Six of them were treated, while five patients remained untreated during the year following discharge. The first entry of all diagnoses was recorded before hospital admission. DXA results were obtained from only two patients.
Discussion
During the period from 1998 to 2000, only 247 out of 1654 patients (14.9%) 50 years and older admitted for treatment of fractures resulting from an accidental fall were prescribed anti-osteoporotic drugs, primarily bisphosphonates. Of these patients, more than 50% discontinued use of anti-osteoporotic drugs before the end of the follow-up year, indicating that compliance was poor. Most of these patients had already been prescribed these drugs in the 5-year period prior to index hospital admission, although more than 50% had stopped antiosteoporosis drug therapy prior to their fracture. Only 84 patients (5.1%) were treated for the first time with anti-osteoporotic drugs during the year after discharge. The most likely recipients of anti-osteoporotic drugs were women, patients between 65 and 84 years of age and those admitted for a vertebral fracture. Among patients treated with anti-osteoporotic drugs, only about 5% had a formal diagnose of osteoporosis on their medical record.
Several studies reported a prevalence of osteoporosis in the range of 10-20% in the 50 year and older population. Further, considering the increased risk of subsequent fracture for patients with fracture, these patients are an important target for anti-osteoporotic therapy [5, 6, 7, 8] . However, only 13.8% used antiosteoporosis drugs prior to hospitalization. Although the Dutch GP guidelines suggest that treatment for osteoporosis should be considered for patients suffering an osteoporotic fracture, only 5% of all patients were newly detected and treated with anti-osteoporostic drugs. Also, in the general practitioner case records, evidence of the presence of osteoporosis was rarely recorded. Furthermore, the vertebral fractures in this study all required hospital admission, which underlines the seriousness of these fractures. In prior studies, it has been observed that only about one-third of these vertebral fractures actually come to the clinicianÕs attention.
These findings suggest that a only a very small proportion of patients with fractures are being treated for osteoporosis, leaving the vast majority of patients after fracture untreated, i.e. at high risk of subsequent fracture. Of those who were treated, at least 50% discontinued treatment, reducing those appropriately treated to less than 7.5%. Further, no evidence was found for improvement in rate of detection or treatment with the introduction of the general practitioner guidelines in 1999. Moreover, and paradoxically, the number of newly treated fracture patients showed a slight decrease over time.
In conclusion, the results of this study suggest that treatment for osteoporosis for post-fracture patients in current practice is still quite appalling. Hospitalization for fractures in current practice is, at least in the period 1998-2000, not considered a major trigger for detection and treatment of osteoporosis. 
